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Description 

BACKGROUND OF THE INVENTION 

Specific chromosomal rearrangements, pre- 
dominantly translocations and inversions, are ob- 
served in the great majority of human 
hematopoietic malignancies. In Burkitt lymphoma 
the specific chromosomal translocations result in 
the juxtaposition of one of the three human im- 
munoglobulin loci and the c-myc oncogene. In dif- 
fuse B-celi lymphomas, multiple myelomas and 
chronic lymphocytic leukemias of the B-cell type 
carrying the t(11;14) (q13;q32) chromosome tran- 
slocation, the bcl-1 locus is translocated to the 
heavy-chain locus on chromosome 14. In most 
cases of follicular lymphoma, one of the most com- 
mon human hematopoietic malignancies, a (t14;18) 
(q32;q21) chromosome translocation has been ob- 
served. This translocation moves the bcl-2 gene to 
a position adjacent to the heavy-chain locus. In one 
cell line derived from a leukemic patient having 
both a t(14;8) and a t(14;18) translocation enhanced 
mRNA production from the bcl-2 gene was ob- 
served. (Tsujimoto et al, Science, Vol. 228, pages 
1440-1443 (1985).) It was concluded there that the 
transcription unit of the bcl-2 gene spans the chro- 
mosome break-point, and thus the oncogene pro- 
tein is likely to be structurally altered in the B-cell 
neoplasms. Surprisingly, it has now been found 
that the trans-location does not alter the oncogene 
protein itself, as the trans-location break-points oc- 
cur downstream from the actual protein coding 
sequences. Thus oncogenesis may be solely due 
to the overproduction of the normal human gene 
products of the bcl-2 gene. 

Effective treatment for cancer is often depen- 
dent upon an early and proper diagnosis of the 
malignancy. There is thus a need for simple and 
accurate diagnostic methods for detecting and 
identifying human malignancies, such as follicular 
lymphomas, in general, and follicular lymphomas in 
particular. 

SUMMARY OF THE INVENTION 

It is an object of the present Invention to pro- 
vide a diagnostic method for detecting B-cell 
neoplasms having t(14;18) translocations in a hu- 
man. 

It is another object of the present invention to 
provide a human bcl-2 gene which can be ex- 
pressed in bacteria. 

It is yet another object of the present invention 
to provide a substantially pure protein preparation 
of a bcl-2 gene product. 

ItTs still another object of the present invention 
to provide a diagnostic method of detecting B-cell 



neoplasms employing an antibody which is im- 
munoreactive with a bcl-2 gene product. 

These and other objects of the invention are 
achieved by one or more of the following embodi- 
5 ments. 

In one embodiment a diagnostic method for 
detecting B-cell neoplasms in a human is provided, 
comprising the steps of: 

isolating B-cells from the human; 
to extracting proteins from said B-cells to form a 
test sample; 

contacting said test sample with an antibody 
which is immunoreactive with a gene product of the 
human bcl-2 gene, under conditions where 
rs antibody-antigen complexes are formed and are 
stable; 

quantitating the amount of antibody-antigen 
complexes formed with said test sample; and 

comparing the amount of antibody-antigen 

20 complexes formed .with said test sample to the 
amount formed with a control sample of proteins, a 
ratio of test sample complexes to control sample 
complexes of greater than about ten indicating B- 
cell neoplasm, said control sample of proteins ex- 

25 tracted from cells selected from the group consist- 
ing of: B-cells from a normal human, cells from an 
established normal B-cell or pre-B-cell line, and 
non-B-cells from said human. 

Also provided are forms of the human bcl-2 

30 gene which are substantially free of introns. Such 
genes can be replicated and expressed in bacteria 
to form proteins having the same primary structure 
as the bcl-2 proteins produced in humans. 

Also~provided by the present invention are 

35 substantially pure preparations of proteins having 
an N-terminal end encoded by the first exon of the 
human bcl-2 gene. 

In yet another embodiment of the present in- 
vention a diagnostic method for detecting B-cell 

40 neoplasms in a human is provided comprising the 
steps of: 

isolating B-cells from the humans; 
extracting RNA from said B-cells to form a test 
sample; 

45 contacting said test sample with a DNA probe 
containing a sequence of at least 15 nucleotides in 
length derived from the human bcl-2 gene, under 
conditions where homologous RNA-DNA hybrids 
form and are stable; 

so quantitating the amount of RNA-DNA hybrids 

formed with the test sample; and 

comparing the amount of RNA-DNA hybrids 
formed with said test sample to the amount formed 
with a control sample of RNA, a ratio of test sanv 

55 pie hybrids to control sample hybrids of greater 
than about ten indicating B-cell neoplasm, said 
control sample of RNA extracted from cells se- 
lected from the group consisting of: B-cells from a 
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normal human, cells from a normal B-cell or pre-B- 
cell line, and non-B-cells from said human. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows a genomic restriction map of 
chromosome 18, and the structure of cDNA clones. 

Figure 2 shows the nucleotide sequence of bcl- 
2 cDNA corresponding to the 5.5 kb transcript. 
Only the sequences surrounding the open reading 
frame are shown. 

Figure 3 shows the nucleotide sequence of bci- 
2 cDNA corresponding to the 3.5 kb transcript. 
Only the sequences surrounding the open reading 
frame are shown. 

DETAILED DESCRIPTION OF THE INVENTION 

According to one aspect of the present inven- 
tion it has been discovered that B-cell neoplasms 
which are associated with t(14;18) chromosome 
translocations cause an increase in the expression 
of both the mRNA and the protein products of the 
bcl-2 gene. The expression in the neoplastic B- 
ceils is generally about ten-fold higher than the 
amount expressed by normal cells. This elevated 
expression can be used as a diagnostic tool to 
detect the B-cell neoplasms in humans. Such 
neoplasms include follicular lymphomas as well as 
other lymphomas. 

It has been found that three species of mRNA 
are transcribed from the bcl-2 gene. At least two 
different protein products "have been identified. A 
239 amino acid protein, designated bcl-2-aIpha is 
translated from a 5.5 kb mRNA. A protein of 205 
amino acids, bcl-2-beta is translated from a 3.5 kb 
mRNA. It is thought that bcl-2-alpha is also trans- 
lated from the 8.5 kb mRNA species. All three size 
species of transcript share substantial sequence 
homology In the 5' portion of the gene, termed the 
first exon or 5' exon. The larger two transcripts 
appear to be spliced to a second exon which is at 
least 50 kb distal to the first. The splice site is in 
the midst of the protein coding sequence. Thus, 
the 3.5. kb transcript codes for a protein having a 
different carboxyl terminus than the proteins coded 
by the two larger sized transcripts. 

The hotspot for chomosome break-points 
among the t(14;18) translocations of follicular lym- 
phomas map 3* to the protein coding region. 
Therefore it has now been found that the tran- 
slocations do not alter the primary structure of the 
protein products. 

Bacterial isolates available from the ATCC, un- 
der Accession Numbers 67147 and 67148, can be 
used to express bcl-2 gene products alpha and 
beta, respectively,"!?! bacteria. The clones of the 
bcl-2 gene were obtained via cDNA cloning and so 



do not contain introns. Thus these clones can be 
expressed in bacteria to make products having the 
same primary sequence as those made in the 
human body. After growing the bacteria under suit- 

s able conditions which are well known in the art, the 
cells can be harvested and disrupted to extract 
total cellular protein. The protein can then, for 
example, be placed on a sizing column such as 
Sepharose™ or agarose beads, and proteins of the 

10 correct molecular weight, i.e., between about 20 
and 30 kD can be collected. 

Further purification can be effected by use of 
an anti-bcl-2 antibody. Such an antibody can be 
used to immunoprecipitate bcl-2 proteins from the 

75 set of cellular proteins of the correct approximate 
molecular weight. Such antibodies can, for exam- 
ple, be raised against polypeptides synthesized 
according to the sequence shown in Figures 2 and 
3. Alternatively, the antibodies can be raised 

20 against fusion proteins, which contain bcl-2 se- 
quences as well as those of another protein. An 
example of an antibody raised to a fusion protein is 
discussed, infra. After immunoprecipitation, the bcl- 
2 proteins can be released from the antibodies to 

25 provide a substantially pure preparation of bcl-2 
proteins. 

If it is desired that bcl-2-alpha (approximately 

26 -kD)_. . .be separated from bcl-2-beta 

(approximately 22 kD) this separation can be 

30 achieved using either polyacrylamide gels or addi- 
tional sizing or gel filtration columns. Of course, 
other separations are possible based on the inher- 
ent differences between the two proteins at their 
carboxyl termini. Techniques for using gel titration 

35 columns and immunoprecipitation and antibody re- 
leasing are all well known in the art. 

Any source of B-cells is suitable for use in the 
diagnostic test of this invention. B-cells can be 
isolated from the lymph nodes. Alternatively, the 

40 diagnostic test may employ a sample of peripheral 
blood obtained from an individual who is being 
screened for the presence of a B-cell neoplasm. 
Means for separating B-cells from the peripheral 
blood are well known in the art. For example, 

45 erythrocytes and granulocytes may be separated 
from the B-cells by centrifugation in a liquid having 
a density intermediate between the groups of cells 
to be separated. 

Extraction of proteins from B-celis may be per- 

50 formed by any of the many means known in the 
art. For example, cells may be lysed by a deter- 
gent or by mechanical means. If desired, nucleic 
acids can be removed from the cell preparation by 
enzymatic digestion or by precipitation with agents 

55 such as streptomycin. Once again, such means are 
well known in the art. 

Antibodies can be generated which are im- 
munoreactive with the bcl-2 proteins by immuniza- 
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tion of animals with a fusion protein consisting of a 
portion of the beta-galactosidase protein of E.coli 
and a portion of the human bcl-2 proteins. Prefer- 
ably, the bcl-2 portion will contain sequences which 
are common to both bcl-2-alpha and bcl-2-beta. If 
desired, such a fusion protein can be purified using 
the properties which it shares with beta-galac- 
tosidase. Anti-sera raised against such a fusion 
protein in rabbits have been found to be im- 
munoreactive with both bcl-2-alpha and bcl-2-beta 
in vitro. Furthermore, using this anti-sera in im- 
munofluorescent techiques it is possible to deter- 
mine cellular location of bcl-2 proteins in cells 
which have been fixed. 

Antibodies can also be produced by immuniza- 
tion of animals, such as mice, rabbits and the like, 
with bcl-2-alpha, bcl-2-beta. fragments of them, or 
both. Alternatively, monoclonal antibodies can be 
generated using immortalized cell lines to provide 
uniform and continual antibody sources. Tech- 
niques for generating such antibodies are well 
known in the art. Appropriate antibodies can be 
screened using the natural gene products of bcl-2 
or the fusion protein discussed above. While it is 
preferred that the antibody used in the diagnostic 
method immunoreact with both bcl-2-alpha and 
beta, an antibody may successfully be used which 
immunoreacts with only one- of them. 

The extracted proteins from the B-cells may be 
contacted with the antibody under suitable con- 
ditions for antibody-antigen complex formation. 
Generally, such conditions are physiological con- 
ditions. The protein extract may be bound to a 
solid support such as a nitrocellulose filter or a 
microtiter plate. 

The antibody will generally bear a "tag" such 
as a radiolabel, a fluorescent label or an enzyme 
conjugate which under appropriate conditions pro- 
duces a colored reaction product. Once again, such 
"tags" are quite well known in the art. Alternatively, 
if the antibody is not tagged, it can be detected by 
means of a second antibody from another species 
which is reacted with the first antibody. Of course, 
it is preferred for means of this diagnostic method 
that the immunological technique be as quantita- 
tively sensitive as possible. 

Means of detection of the antibody-antigen 
complexes will depend upon the method of tagging 
used for the antibody. For example, radiolabel tags 
can be detected by autoradiography or scintillation 
counting, while the products of enzyme-linked anti- 
bodies can be detected spectrophotometrically. 

A parallel sample to the test sample is em- 
ployed to provide the control. The control sample 
consists of an equivalent amount of proteins ex- 
tracted from cells, preferably in the same manner 
as those of the test sample. The amount of protein 
can readily be determined employing techniques 



well known in the art, such as the Lowry or Brad- 
ford techniques. The cells used for preparing the 
control sample may be selected from the group 
consisting of B-cells from a normal human, cells 

5 from an established normal B-cell or pre-B-cell line, 
and non-B-cells from the human who is being 
screened for the neoplasm. 

It is a finding of the present invention that in 
cases where a translocation has occurred between 

ro chromosomes 14 and 18 the level of bcl-2 protein 
detected immunologically in the B-celli~is at least 
10-fold higher than the amount of bcl-2 protein 
found in normal B-cells, in pre-B-cells, or in other 
non-B-cells from the same human. 

75 To screen for elevated levels of mRNA tran- 
scribed from the bcl-2 gene, again one must isolate 
B-cells from the human who is to be screened. Any 
of the many methods known in the art are suitable. 
Total RNA extracted from the B-cells may be used, 

20 or alternatively mRNA may be isolated from the 
total cellular RNA. The mRNA may be purified, for 
example, by affinity chromotography on oligo(dT) 
cellulose which binds to the poly(A) tract at the 3' 
end of most mRNA. As is well known to those of 

25 skill in the art, it is essential that ribonuclease 
activity be minimized during preparation and as- 
saying. 

A DNA probe may be selected from any of the 
protein coding sequences of the bcl-2 gene. Prefer- 

30 ably, the probe will be selected from sequences of 
the 5* or first exon of the gene, so that all three 
species of RNA can be detected. Alternatively the 
probe can be selected from sequences which hy- 
bridize exclusively with the 3.5 kb transcript or only 

35 with the 5.5 kb and the 8.5 kb transcript. Preferably 
the probe contains at least 15 nucleotides of the 
bcl-2 sequence. Suitable plasmid molecules which 
may be used as probes have been deposited at 
the ATCC under Deposit Numbers 67147 and 

40 67148. Of course, other suitable probes may be 
synthesized or derived from these or other bcl-2 
sequences. In order to perform the hybridization it 
is desirable that the probe be single stranded. Thus 
if the probe is double stranded, it should be de- 

45 natured to single stranded form. Means for denatur- 
ing are well known in the art, including alkali or 
heat treatment. The probe can then be contacted 
with the RNA derived from the B-cells under con- 
ditions where homolgous RNA-DNA hybrids form 

so and are stable. Such conditons are well known in 
the art. Means for detecting hybrids are many and 
well known, but often involves use of radiolabeled 
probes and nucleases which degrade single strand- 
ed DNA. Other methods may be used. 

55 Control samples can be derived from any of 
the cell sources described above for use in the 
antibody diagnostic test. Samples and control 
should be prepared in parallel under similar con- 
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ditions. If comparison of the test and control sam- 
ple hybridization shows a greater than about a ten- 
fold excess in the test sample, a B-cell neoplasm is 
indicated. 

The following examples do not limit the scope 
of the invention but are merely illustrative. 

EXAMPLE 1 

A cDNA library from polyA + mRNA of the pre- 
B-cell leukemia cell line 380 was constructed. 
Cytoplasmic RNA was extracted by the procedure 
described in ar-Rushdi, et al (1982) Somatic Cell 
Genetics, Vol. 8, pp. 151-161. PolyA + RNA was 
selected by oligo(dT) column chromotography as 
described in Aviv and Leder, (1972) Proceedings of 
National Academy of Sciences, USA, Vol. 69, pp. 
1408-1412. Double stranded cDNA was synthe- 
sized from mRNA by reverse transcriptase (Life 
Science, Inc., Florida) using oligo(dT) as primer as 
described in Maniatis et al (1982) Molecular Clon- 
ing, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York. After EcoRI linker ligation, the 
double stranded cDNA was cloned into lambda gt 
11 phage vectors, Young and Davis (1983) Pro- 
ceedings of the National Academy of Sciences, 
USA, Vol. 80, pp. 1194-1198. By screening ap- 
proximately 2 x 10 5 recombinant clones with a 
DNA probe consisting of a segment of chromo- 
some 18 which spans the hotspot of break-points 
of the translocation of chromosome 18 to chro- 
mosome 14, three independent cDNA clones were 
obtained which are overlapping (B3, B4, and B10). 
As shown in Figure 1, clone B3 contains nineteen 
A residues at the end, indicating that this clone 
represents the 3' end of the mRNA. The restriction 
maps of the cDNA clones and genomic sequences 
are colinear from the 3* end of cDNA clone B3 until 
just before the BamHI site of the cDNA sequence. 
The cDNA sequence just beyond this point di- 
verges from the genomic sequence. Thus, the 
cDNA sequences consist of at least two genomic 
regions. 

When the 5* part of cDNA clone B4 (5' end to 
the BamHI site) is used to probe the cDNA bank, 
another set of clones is obtained, including clone 
B15 and clone B16 (see Fig. 1). These two cDNA 
clones have the same sequences at the 5' region 
as does clone B4 ( but they have totally different 
sequences at the 3' region than do clones B3, B4, 
and B10. Thus cDNA cloning has yielded two dif- 
ferent sets of clones, indicating that the bcl-2 gene 
is transcribed into at least two different mRNAs. 

In order to obtain cDNA sequences further up- 
stream (in the 5' direction), a cDNA library was 
constructed using the primer extension method. An 
oligonucleotide (15-mer) was synthesized and used 
as a primer for reverse transcriptase as described 



in Maniatis, supra, and in Gubler and Hoffman 
(1983) Gene, Vol. 25, pp. 263-269. Three clones 
were obtained by this method, clone B6-3, B22-1, 
and B9. 

s 

EXAMPLE II 

Two different probes were used to visualize the 
mRNA species corresponding to the bcl-2 gene in 

10 Northern blot hybridizations. The first probe (probe 
A in Figure 1) contains genomic DNA of chro- 
mosome 18 which spans the break-point hotspot 
and also corresponds to the 3 1 exon. The other 
probe used was cDNA clone B22-1 which cor- 

75 responds to the 5' exon (the first exon). RNA was 
glyoxalated, run on 1% agrose gels, and blotted to 
nitrocellulose filters as described in Thomas, Pro- 
ceedings of the National Academy of Sciences, 
USA (1980) Vol. 77, pp. 5201-5205. The nitrocel- 

20 lulose filter was hybridized with 32 P-labelled probe 
in 50% formamide, 4 X SSC, 0.1% SDS at 37 *C 
and finally washed with 2 X SSC (0.3M NaCI, 0.03 
MNa-citrate, pH7)at65'C. 

The genomic DNA probe A detected two tran- 

25 scripts, 8.5 kb and 5.5 kb in length. The cDNA 
probe B22-1 detected the same transcripts as 
probe A, as well as an additional transcript of 3.5 
kb. 

The 8.5 kb mRNA was also shown to hybridize 
30 to a gemonic DNA probe from chromosome 18 

which is 3' to genomic probe A (and is indicated in 

Fig. 1 as probe B). 

These data indicate that the bcl-2 gene is 

transcribed into three mRNAs of different sizes. 
35 The possibility that these mRNAs are derived from 

different but related genes is excluded by the fact 

that under the same hybridizatoin conditions which 

were used for the Northern blot hybridization, these 

probes detect only one cellular gene. 

40 

EXAMPLE III 

The nucleotide sequence of overlapping cDNA 
clones was determined by Maxam and Gilbert's 

45 chemical degradation method, (Proceedings of the 
National Academy of Sciences, USA, Vol. 74, pp. 
560-564 (1977), or Sanger's chain termination 
method, Proceedings of the National Academy of 
Sciences, USA, Vol. 74, pp. 5463-5467 (1977). 

so Both strands of DNA were sequenced. The 
nucleotide sequence derived from the 5.5 kb tran- 
script is shown in Figure 2. The DNA sequence of 
5105 base pairs (bp) reveals one possible open 
reading frame consisting of 239 amino acid resi- 

55 dues (bcl-2-alpha). The nucleotide sequence cor- 
responding to the 3.5 kb transcript is shown in 
Figure 3. This transcript codes for a protein con- 
sisting of 205 amino acid residues (bcl-2-beta). 
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which differs from the bcl-2-alpha protein at the 
carboxyl terminus. 

Claims 

1. A diagnostic method for detecting B-cell neopl- 
asms having t{14;18) translocations in a hu- 
man, comprising the steps of: isolating B-cells 
from the human; extracting proteins from said 
B-cells to form a test sample; contacting said 10 
test sample with an antibody which is im- 
munoreactive with a gene product of the hu- 
man bcl-2 gene under conditions where 
antibody-antigen complexes form and are sta- 
ble to form antibody-antigen complexes; quan- 15 
titating the amount of antibody-antigen com- 
plexes formed with said test sample; compar- 
ing the amount of antibody-antigen complexes 
formed with said test sample to the amount 
formed with a control sample of proteins, a 20 
ratio of test sample complexes to control sam- 
ple complexes of greater than about ten in- 
dicating B-cell neoplasm, said control sample 

of proteins extracted from cells selected from 
the group consisting of: B-cells from a normal 25 
human, cells from an established normal B-cell 
or pre-B-cell line, and non-B-cells from said 
human: - 

2. The method of claim 1 wherein the antibody is 30 
radiolabeled and the step of quantitating oc- 
curs by measuring the amount of radioactivity 

in antibody-antigen complexes. 

3. The method of claim 1 wherein the antibody is 35 
conjugated to a fluorescent molecule and the 
step of quantitating is performed by measuring 

the amount of fluorescence emitted by said 
antibody-antigen complexes. 

40 

4. The method of claim 1 wherein said step of 
quantitating is performed by means of use of a 
second antibody immunoreactive with said 
antibody which is immunoreactive with a gene 
product of bcl-2 gene. «s 

5. The method of claim 1 wherein the antibody is 
immunoreactive with bcl-2-alpha. 

6. The method of claim 1 wherein the antibody is 50 
immunoreactive with bcl-2-beta. 

7. The method of claim 1 wherein the antibody is 
immunoreactive with both bcl-2-alpha and bcl- 
2-beta. 55 

8. A human bcl-2 gene substantially free of in- 
trons. 



9. The gene of claim 8 wherein said gene is 
replicated in bacteria. 

10. The gene of claim 9 wherein said gene is 
expressed in bacteria 

11. A substantially pure preparation of protein hav- 
ing an N-terminal end encoded by the first 
exon of the human bcl-2 gene. 

12. The protein preparation of claim 11 wherein 
said protein is bcl-2-alpha having 239 amino 
acid residues. 

13. The protein preparation of claim 11 wherein 
said protein is bcl-2-beta having 205 amino 
acid residues. 

14. A diagnostic method for detecting B-celi neopl- 
asms having t(14;18) translocations in a human 
comprising the steps of: isolating B-cells from 
the human; extracting RNA from said B-cells to 
form a test sample; contacting said test sam- 
ple with a DNA probe containing a sequence of 
at least 15 nucleotides in length derived from 
the human bcl-2 gene under conditions where 
homologous~~RNA-DNA hybrids form and are 
stable; quantitating the amount of RNA-DNA 
hybrids formed in the test sample; and com- 
paring the amount of RNA-DNA hybrids 
formed with said test sample to the amount 
formed with a control sample of RNA, a ratio of 
test sample hybrids to control sample hybrids 
of greater than about ten indicating B-cell neo- 
plasm, said control sample of RNA extracted 
from cells selected from the group consisting 
of: B-cells from a normal human, cells from a 
normal B-cell or pre-B-cell line, aifo non-B- 
cells from said human. 

15. The method of claim 14 wherein said DNA 
probe hybridizes with the 8.5 kb, the 5.5 kb, 
and the 3.5 kb bcl-2 transcripts. 

16. The method of claim 14 wherein said DNA 
probe hybridizes with the 8.5 kb and the 5.5 kb 
bcl-2 transcripts. 

17. The method of claim 14 wherein said DNA 
probe hybridizes exclusively with the 3.5 kb 
bcl-2 transcript. 

1a A preparation of an antibody which is (a) im- 
munoreactive with a human bcl-2 protein se- 
lected from the group consisting of bcl-2-alpha 
and bcl-2-beta, and which is (b) not im- 
munoreactive with other human proteins. 
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19. The preparation of claim 18 which is im- 
munoreactive with both bcl-2-alpha and bcl-2- 
beta. 

20. The preparation of claim 18 or 19 which has 
been purified from an animal antiserum. 

21. The preparation of claim 18, 19 or 20 wherein 
the antibody is a monoclonal antibody. 

PatentansprUche 

1. Diagnostisches Verfahren zum Nachweis von t- 
(1 4;1 8)-Translokationen aufweisenden B- 
Zellen-Neoplasmen beim Menschen, das fol- 
gende Stufen umfaflt: 

Isolierung der B-Zellen aus dem Menschen, 
Extraktion der Proteine aus den B-Zellen zur 
Bildung einer Testprobe. Kontaktierung der 
Testprobe mit einem Antikorper, der mit einem 
Genprodukt des menschlichen bcl-2-Gens un- 
ter Bedingungen immunreaktiv ist, bei denen 
Antikorper-Antigen-Komplexe gebildet werden 
und gegenUber der Bildung von AntikQrper- 
Antigen-Komplexen bestSndig sind, Quantifi- 
zierung der Menge der mit der Testprobe ge- 
bildeten Antikorper-Antigen-Komplexe und Ver- 
gleich der Menge der mit der Testprobe gebil- 
deten Antikorper-Antigen-Komplexe mit der mit 
einer Kontrollprobe von Proteinen gebildeten 
Menge, wobei ein VerhSltnis der Testproben- 
komplexe zu den Kontrollprobenkomplexen 
von Uber ca. 10 B-Zellen-Neoplasmen anzeigt 
und die Kontrollprobe von Proteinen extrahiert 
wird aus Zellen, ausgewahlt aus der Gruppe, 
bestehend aus B-Zellen aus einem gesunden 
Menschen, Zellen aus einer festgelegten nor- 
malen B-Zell- oder prS-B-Zellinie und nicht-B- 
Zellen aus dem betreffenden Menschen. 

2. Verfahren nach Anspruch 1 , worin der Antikor- 
per radioaktiv markiert wird und die Stufe der 
Quantifizierung durch Messung der Menge der 
Radioaktivitat in den Antikorper- Antigen-Kom- 
plexen erfolgt. 

3. Verfahren nach Anspruch 1 , worin der Antikor- 
per mit einem fluoreszierenden MolekUl konju- 
giert wird und die Stufe der Quantifizierung 
durch Messung der Menge der von den 
Antikorper-Antigen-Komplexenabgegebenen 
Fluoreszenz erfolgt. 

4. Verfahren nach Anspruch 1, worin die Stufe 
der Quantifizierung mit Hilfe eines zweiten An- 
tikorpers durchgefUhrt wird, der gegenUber 
dem ersten Antikorper immunreaktiv ist, der 
mit einem Genprodukt des bcl-2-Gens immun- 



reaktiv ist. 

5. Verfahren nach Anspruch 1 , worin der Antikor- 
per gegenUber bcl-2-a immunreaktiv ist. 

5 

6. Verfahren nach Anspruch 1 , worin der Antikor- 
per gegenUber bcl-2-0 immunreaktiv ist. 

7. Verfahren nach Anspruch 1 , worin der AntikSr- 
w per sowohl gegenUber bcl-2-a als auch gegen- 
Uber bcl-2-0 immunreaktiv ist. 

8. Ein im wesentlichen intronfreies menschliches 
bcl-2-Gen. 

75 

9. Das Gen nach Anspruch 8, das in Bakterien 
repliziert wird. 

10. Das Gen nach Anspruch 9, worin das Gen in 
20 Bakterien exprimiert wird. 

11. Ein im wesentlichen reines ProteinprSparat mit 
einem N-Terminus, der durch das erste Exon 
des menschlichen bcl-2-Gens kodiert wird. 

25 

12. Proteinpraparat nach Anspruch 11, worin das 
Protein 239 Aminosaurereste aufweisendes 
bcl-2-a ist. 

30 13. ProteinprSparat nach Anspruch 11, worin das 
Protein 205 Aminosa'urereste aufweisendes 
bcl-2-0 ist. 

14. Diagnostisches Verfahren zum Nachweis von t- 
35 (14;18)-Translokationen aufweisenden B- 

Zellen-Neoplasmen beim Menschen, das fol- 
gende Stufen umfaBt: 

Isolierung von B-Zellen aus dem Menschen, 
Extraktion der RNA aus den B-Zellen zur Bil- 

40 dung einer Test-probe, 

Kontaktierung der Testprobe mit einer DNA- 
Probe, die eine Sequenz von wenigstens 15 
Nukleotiden in der Lange aufweist, die aus 
dem menschlichen bcl-2-Gen erhalten wurden, 

45 unter Bedingungen, bei denen homologe RNA- 

DNA-Hybride entstehen und bestSndig sind, 
Quantifizierung der Menge an in der Testprobe 
gebildeten RNA-DNA-Hybriden und Vergleich 
der mit der Testprobe gebildeten Menge an 

so RNA-DNA-Hybriden mit der mit einer Kontroll- 

probe von RNA gebildeten Menge, wobei ein 
Verhaltnis der Testprobenhybriden zu den 
Kontrollprobenhybriden von Uber ca. 10 B- 
Zellen-Neoplasmen anzeigt und die Kontroll- 

55 probe von RNS extrahiert wird aus Zellen, aus- 

gewahlt aus der Gruppe, bestehend aus B- 
Zellen eines gesunden Menschen, Zellen aus 
einer normalen B-Zell- Oder pra-B-Zellinie und 
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nicht-B-Zellen aus dem betreffenden Men- 
schen. 

15. Verfahren nach Anspruch 14, worin die DNA- 
Sonde mit dem 8,5 kb-, 5,5 kb- und 3,5 kb-bcl- 
2-Transkript hybridisiert. 

16. Verfahren nach Anspruch 14, worin die DNA- 
Sonde mit dem 8,5 kb- und 5,5 kb-bcl-2-Trans- 
kript hybridisiert. 

17. Verfahren nach Anspruch 14, worin die DNA- 
Sonde ausschlieBlich mit dem 3,5 kb-bcl-2- 
Transkript hybridisiert. 

18. PrSparat eines Antikorpers, der (a) gegenuber 
einem menschlichen bcl-2-Protein immunreak- 
tiv ist, ausgewa*hlt aus der Gruppe bcl-2-a und 
bcl-2-jS, und (b) gegentiber anderen menschli- 
chen Proteinen nicht immunreaktiv ist. 

19. Praparat nach Anspruch 18, das sowohl ge- 
genuber bcl-2-a als auch gegenUber bcl-2-0 
immunreaktiv ist. 

20. Praparat nach Anspruch 18 Oder 19, das durch 
Reinigung aus einem tierischen Antiserum ge- 
wonnen wurde. 

21. Praparat nach Anspruch 18, 19 Oder 20, worin 
der Antikorper ein monoklonaler Antikorper ist. 

Revendlcatlons 

1. Procede diagnostique pour la detection de 
neoplasmes a cellules B ayant les transloca- 
tions t(14;18) chez un homme, comprenant les 
Stapes suivantes : isolation des cellules B de 
rhomme; extraction des prolines a partir de 
ces cellules B pour former un echantillon d'es- 
sai; mise en contact de cet echantillon d'essai 
avec un anticorps qui est immunoreactif avec 
un produit g£nique du g&ne bcl-2 humain dans 
des conditions dans lesquelles les complexes 
anticorps-antigene se forment et sont stables 
pour former des complexes anticorps-antigene; 
determination de la quantity de complexes 
anticorps-antigene formes avec cet echantillon 
d'essai; comparaison de la quantity de com- 
plexes anticorps-antigfene formes avec cet 
echantillon d'essai a la quantity formee avec 
un Echantillon t^moin de prolines, un rapport 
des complexes de I'gchantillon d'essai aux 
complexes de rechantillon t^moin sup^rieur a 
environ 10 indiquant un n£oplasme a cellules 
B, cet Echantillon temoin de prolines extraites 
provenant de cellules selectionnEes dans le 
groupe consistant en cellules B provenant d'un 



homme normal, cellules provenant d'une li- 
gnEe de cellules B normale etablie ou de pr6- 
cellules B et cellules non B provenant de cet 
homme. 

5 

2. Procede suivant la revendication 1, dans lequel 
I'anticorps est radiomarquE et I'Etape de deter- 
mination quantitative est realisEe par mesure 
de la quantity de radioactivity dans les com- 

w plexes anticorps-antigene. 

3. Procede suivant la revendication 1 , dans lequel 
I'anticorps est conjugud a une molecule fluo- 
rescente et Tetape de determination quantitati- 

75 ve est r^alisee par mesure de la quantity de 

fluorescence Emise par ces complexes 
anticorps-antigene. 

4. Procede suivant la revendication 1 , dans lequel 
20 cette etape de determination quantitative est 

realisEe au moyen d'un second anticorps im- 
munoreactif avec cet anticorps qui est immu- 
noreactif avec un produit gEnique du g§ne bci- 
2. 

25 

5. Procede suivant la revendication 1 , dans lequel 
I'anticorps est immunoreactif avec bcl-2-alpha. 

6. Procede suivant la revendication 1 , dans lequel 
30 I'anticorps est immunoreactif avec bcl-2-beta. 

7. Procede suivant la revendication 1 , dans lequel 
I'anticorps est immunoreactif a la fois avec bcl- 
2-alpha et bcl-2-beta. 

35 

& G§ne bcl-2 humain pratiquement depourvu 
d'introniT 

9. GEne suivant la revendication 8, dans lequel 
40 ce g&ne est replique dans des bacteries. 

10. GEne suivant la revendication 9, dans lequel 
ce g^ne est exprime dans des bacteries. 

45 11. Preparation pratiquement pure de proteine 
ayant une extrEmite N-terminaie codEe par le 
premier exon du g£ne bcl-2 humain. 

12. Preparation de proteine suivant la revendica- 
50 tion 1 1 , dans laquelle cette proteine est bcl-2- 

alpha ayant 239 residus d'acide amine. 

13. Preparation de proteine suivant la revendica- 
tion 11, dans laquelle cette proteine est bcl-2- 

55 beta ayant 205 rEsidus d'acide amine. 

14. Procede diagnostique pour la detection de 
neoplasmes a cellules B ayant les transloca- 
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tions t(14;18) chez un homme, comprenant les 
etapes suivantes : isolation des cellules B de 
rhomme; extraction de TARN de ces cellules B 
pour former un echantillon d'essai; mise en 
contact de cet echantillon d'essai avec une 5 
sonde d'ADN contenant une sequence longue 
d'au moins 15 nucleotides provenant du gene 
bcl-2 humain dans des conditions dans les- 
quelles des hybrides homologues ARN-ADN 
se torment et sont stables; determination de la w 
quantity d'hybrides ARN-ADN formes dans 
rechantillon d'essai; et comparaison de la 
quantity d'hybrides ARN-ADN formes avec cet 
Echantillon d'essai a la quantite* formee avec 
un Echantillon temoin d'ARN, un rapport d'hy- 15 
brides dans rechantillon d'essau aux hybrides 
dans rechantillon temoin superieur & environ 
10 indiquant un neoplasme h cellules B, cet 
echantillon temoin d'ARN etant extrait & partir 
de cellules s£lectionn6es dans le groupe 20 
consistant en cellules B provenant d'un hom- 
me normal, cellules provenant d'une lignSe de 
cellules B normale ou de pre-cellules B et 
cellules non B provenant de cet homme. 

25 

15. Procede suivant la revendication 14, dans le- 
quel cette sonde d'ADN s'hybride avec les 
transcripts de 8,5 kb, de 5,5 kb et de 3,5 kb de 
bcl-2. 

30 

16. Procede suivant la revendication 14, dans le- 
quel cette sonde d'ADN s'hybride avec les 
transcripts de 8,5 kb et de 5.5 kb de bcl-2. 

17. Procede suivant la revendication 14, dans le- 35 
quel cette sonde d'ADN s'hybride exclusive- 
ment avec le transcript de 3,5 kb de bcl-2. 

18. Preparation d'un anticorps, qui est (a) immuno- 
reactive avec une proteine bcl-2 humaine choi- 40 
sie dans le groupe consistant en bcl-2-alpha et 
bcl-2-beta, et qui est (b) non immunoreactive 
ivec d' autre s proteines humaines. 

19. Preparation suivant la revendication 18, qui est 45 
immunoreactive h fois avec bcl-2-aIpha et bcl- 
2-beta. 

20. Preparation suivant les revendications 18 ou 

19, qui a ete purifiee k partir d'un antiserum so 
humain. 

21. Preparation suivant les revendications 18, 19 
ou 20, dans laquelle Tanticorps est un anti- 
corps monoclonal. 55 
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GCCCCCGC 

CCCTCCCCCC CCCCTGCCCG CCCGCCCGCC GCGCTCCCCC CCGCCCCTCT -1401 
CCGTGCCCCC GCCCCGCTGC CGCCGCCCCC GCTCCCAGCG AAGGTGCCGC 
CGCTCCGGCC CCTCCCTGCC GGCCGCCCTC ACCCCTCGGA CCCAACTCCG 
CCACGGCAGG TCCCCCACGC GACCGTAGTC GCCCCCCCCC CCAGCACCAC 
CAGGAGCACA AAGGGTGCGC ACCCCCGACC CCGCGTCCCC CCGTGGGCTG 
CAGCGGAAGA GGGGGTCCAG GGCGCACAAC TTCGTAGCAC TCATCCTTTT 
TAGGAAAAGA GGGAAAAAAT AAAACCCTCC CCCACCACCT CCTTCTCCCC 
ACCCCTCGCC CCACCACACA CAGCCCCCGC TTCTAGCCCT CCGCACCCCC 
GGCCCACGCG CCTCCTGCCT TCATTTATCC AGCAGCTTTT CCGAAAATGC -100 J 

ATTTGCTGTT CGGAGTTTAA TCACAAGACG ATTCCTCCCT CCCTCCCCCC 
CTCCTTCATC GTCCCATCTC CCCTGTCTCT CTCCTGCCCA CGCCTCAAGC 
GGTCCCGTGG ATACAGATTC ATGCCTGTGT CCGCCCCTCT GTGCCCCCGT 
ATAAATTCCC CACAAGGGCA AAACATCACA CGACTTCTGC GAATACCGGA 
CTGAAAATTC TAATTCATCT GCCCCCCCCC CTGCCAAAAA AAAACTCCAG 
CTCTTGAGAT CTCCGGTTGG CATTCCTCCC CATTCACATT TCTGTGAACC 
AGAACTCTCG GAATCGATCT GGAAATCCTC CTAATTTTTA CTCCCTCTCC 
CCCCGACTCC TGATTCATTG CCAACTTTCA AATCAGCTAT AACTCGAGAC 
TGCTGAAGAT TGATGGCATC GTTCCCTTAT GCATTTGTTT TGCTTTTACA 
AAAAGGAAAC TTGACACACG ATCATGCTCT ACTTAAAAAA TACAACTAAG -501 

TCTCCCACAC CAAATTGGTT TAATGTAACT TTCAATGGAA ACCTTTGACA 
TTTTTTACTT AAAGTGCATT CCaCTAAATT TAATTTCCAG GCAGCTTAAT 
ACATTGTTTT TAGCCGTGTT ACTTCTAGTG TGTATGCCCT GCTTTCACTC 
AGTCTGTACA GGGAAACGCA CCTCATTTTT TACTTATTAG TTTGTTTTTT 
CTTTAACCTT TCAGCATCAC AGAGGAAGTA CACTGATATT AACAATACTT 
ACTAATAATA ACGTGCCTCA TCAAATAAAC atccgaaagg aattggaata 
AAAATTTCCT GCGTCTCATG CCAACACCCA AACACCAGAA TCAAGTGTTC 
CCCGTCATTG AAGACACCCC CTCCTCCAAC AATCCAAAGC ACATCCAATA 
AAATAGCTCG ATTATAACTC CTCTTCTTTC TCTGGGGGCC GTGGGGTGGG 
AGCTCGGGCG AGAGGTGCCG TTCGCCCCCG TTGCTTTTCC TCTCGGAAGC -1 

FIG.2A 
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ACTCAACATC CCTGCCCCAA ACAAATATGC 

AAAACCTTCA CTAAACCACT ACAAATAATA TGCATTGTCA CTGATGTACC 
ATCAAACAAA CCTGCACGa GTTTAACAAA AAATAACACA CATATAAACA 
TCACACACAC ACACACACAC ACACACACAC AACAATTAAC AGTCTTCACG 
CAAAACGTCC AATCAGCTAT TTACTGCCAA AGGCAAATAT CATTTATTTT 
TTACATTATT AACAAAAAAG ATTTATTTAT TTAAGACAGT CCCATCAAAA 



1001 CTCCGTCTTT CCAAATCCCA CCACTAATTC CCAAACACCC CTTCCTCTGC 
CTCCACCTGG ATGTTCTGTG CCTCTAAACA TAGATTCGCT TTCCATGTTC 
TTCGCCGGAT CACCATCTCA AGAGCAGACC CATGCAAAAA CGACCTCATC 
ATTCGGGAAC CTGGCTTTCT GGCTGCTGGA GGCTGGCGAC AAGCTCTTCA 
TTCACTTGCA tttctttgcc CTCGCCCCGT CATATTAACA CaCCCAGCGT 
TCCCCTGGGG GCAACTCCAT CCCTCCCTGC CCTGAACAAC AGACTCTTTC 
CATATGACTC ACATGATCCA TACCTCGTCC GAGGAAAAGA GTTGGGAACT 
TCAGATGGAC CTAGTACCCA CTGACATTTC CACGCCCAAG CACAGCGATC 
GGAAAAATGC CCTTAAATCA TAGCAAACTA TTTTTTTAAG CTACCAATTC 
TGCCGAGAAA AGCATTTTAC CAATTTATAC AATATCATCC ACTACCTTAA 



1501 ACCCTGATTG tgtatattca tatattttgg atacccaccc cccaactccc 

AATACTGGCT CTCTCTGAGT AAGAAACAGA ATCCTCTGGA ACTTGACGAA 
gtgaacattt cggtgacttc CGATCACGAA CGCTAGAGTT acccagagca 
tcaggccgcc acaagtgcct gcttttagga caccgaagtc CGCAGAACCT 

ACCTGTCTCC CAGCTTGGAC GCCTGGTCCT GGAACTGAGC CGGGCCCTCA 

CTGGCCTCCT ccagggatga tcaacaggct actgtggtct ccgaatgtct 
ggaagctgat ggatggagct cagaattcca ctgtcaagaa agagcagtag 

AGGGGTGTGG CTGGGCCTGT CACCCTGGGG CCCTCCAGGT AGGCCCGTTT 
TCACGTGGAG CATAGGAGCC ACGACCCTTC TTAAGACATG TATCACTGTA 
GAGGGAAGGA ACACAGGCCC TGGGCCTTCC TATCAGAAGG ACATGGTGAA 

2001 GGCTGGCAAC GTGAGGAGAG GCAATGGCCA CGGCCCATTT TCGCTGTAGC 
ACATGGCACG TTGGCTGTGT GGCCTTGGCC ACCTGTGAGT TTAAAGCAAG 
GCTTTAAATG ACTTTGGAGA GGGTCACAAA TCCTAAAAGA AGCATTGAAC 
TGAGGTGTCA TGGATTAATT GACCCCTGTC TATGGAATTA CATGTAAAAC 
ATTATCTTGT CACTGTAGTT TGGTTTTATT TGAAAACCTG ACAAAAAAAA 
AGTTCCAGGT gtggaatatg GGGGTTATCT gtacatcctg GGGCATTAAA 
AAAAAATCAA TGGTGGGGAA CTATAAAGAA GTAACAAAAG AAGTGACATC 
TTCAGCAAAT AAACTAGGAA ATTTTTTTTT CTTCCAGTTT AGAATCAGCC 
TTGAAACATT GATGGAATAA CTCTGTGGCA TTATTGCATT ATATACCATT 
TATCTGTATT AACTTTGGAA TGTACTCTGT TCAATGTTTA ATGCTGTGGT 



FIG.2C 
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2501 TGATATTTCG AAAGCTGCTT TAAAAAAATA CATGCATCTC AGCGTTTTTT 
TGTTTTTAAT TCTATTTAGT TATGGCCTAT ACACTATTTG TGAGCAAAGG 
TGATCGTTTT CTGTTTGAGA TTTTTATCTC TTGATTCTTC AAAAGCATTC 
TGAGAAGGTG AGATAAGCCC TGAGTCTCAG CTACCTAAGA AAAACCTGGA 
TGTCACTGGC CACTGAGGAG CTTTGTTTCA ACCAAGTCAT GTGCATTTCC 
ACGTCAACAG AATTGTTTAT TGTGACAGTT ATATCTGTTG TCCCTTTGAC 
CTTGTTTCTT GAAGGTTTCC TCGTCCCTGG GCAATTCCGC ATTTAATTCA 
TGGTATTCAC GATTACATGC ATGTTTGGTT AAACCCATGA GATTCATTCA 
GTTAAAAATC CAGATGGCGA ATGACCAGCA GATTCAAATC TATGGTGGTT 
TGACCTTTAG AGAGTTGCTT TACGTGGCCT GTTTCAACAC AGACCCACCC 



3001 AGAGCCCTCC TGCCCTCCTT CCGCGGGGGC TTTCTCATGG CTGTCCTTCA 
GGGTCTTCCT CAAATGCAGT GGJCGTTACG CTCCACCAAG AAAGCAGGAA 
ACCTGTGGTA TGAAGCCAGA CCTCCCCGGC GGGCCTCAGG GAACAGAATG 
ATCAGACCTT TGAATGATTC TAATTTTfAA CCAAAATATT ATTTTATGAA 
AGGTTTACAT TGTCAAAGTG ATGAATATGG AATATCCAAT CCTGTGCTGC 
TATCCTGCCA AAATCAHTT AATGGAGTCA GTTTGCAGTA TGCTCCACGT 
GGTAAGATCC TCCAAGCTGC TTT AGAAG TA ACAATGAAGA ACGTGGACGT 
TTTTAATATA AAGCCTGTTT TGTCTTTTGT TGTTGTTCAA ACGGGATTCA 

CAGAGTATTT gaaaaatgta tatata ttaa gaggtcacgg gggctaattg 
ctagctggct gccttttgct gtggggtttt gttacctggt tttaataaca 



3501 gtaaatgtgc ccagcctctt ggccccagaa ctgtacagta ttgtggctgc 
acttgctcta agagtagttg atgttgcatt ttccttattg ttaaaaacat 
gttacaagca atgaatgtat ataaaagcaa aaaaaaaaaa aaaaaaa 



FIG. 2D 
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TCAITGAACACACCCCCKCTC^^ 

+1 



oooroxntrancocAcc^ ^ HIS 

I ATC GCG CAC 



ALA GLY ARC TOR GLY TYR ASP ASN ARC GUI ILE VAL MET LYS TYR ELE HIS TYR LYS LEU 
OCT OOG AGA ADC GGC TAC CAC AAC CGG CAC ATA CTC A1G AAC TAC ATC CAT TAT AAC CTC 

100 

SER GLN ARC GLY TYR GLU TRP ASP ALA GLY ASP VAL GLY ALA ALA PRO PRO GLY ALA ALA 
TOG CAC AGC GGC TAC CAC TOG GAT GCG GGA GAT GIG GGC GCC GOG CCC CCG GCG CCC GCC 

PRO ALA PRO GLY HE PKE SER SER GLN PRO GLY HIS THR PRO HIS PRO ALA ALA SER ART 
CCC CCA CCG GCC AIC TTC TCC TOC CAC OCC CCG CAC ACC CCC CAT CCA GCC CCA TOC CGC 

200 

ASP PRO VAL ALA ARC THR SER PRO LEU GLN THR PRO ALA ALA PRO GLY ALA ALA ALA GLY 
C^C0SCrcC0CACCACCTO3C0GOTCAGAa 

300 

PRO ALA LEU SER PRO VAL PRO PRO VAL VAL HIS LEU ALA LEU ARC GLN ALA GLY ASP ASP 
CCT GOG CTC AGC CCC GTG CCA CCT GIG GTC CAC CTG GCC CTC CCC CM CCC GGC GAG GAC 

^^^^ m ^ aY ^ TO ^^^SERSfllGLNLEUHISlXUTHRPRO 
TTC TCC CCC CCC TAC CGC GGC GAC TTC GCC GAG ATC TCC AGC CAG CTC CAC CTC ACG CCC 

400 

PHE THR ALA ARG GLY ARG PHE ALA THR VAL VAL GLU GLU LEU PHE ARC ASP GLY VAL ASl 
TTC ACC GCG CGG GGA OGC TIT GCC ACG GTG GIG GAG GAG CTC TTC AGC GAC GOT GTC AAC 
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